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(57) Abstract 



a practical 



PROBLEM TO BE SOLVED: To provide 
combustion state detecting device for an 
combustion engine capable of judging misfire with 
accuracy even in a low load area or the Eke and usable 
being mounted on an automobSe. 

SOLUTION: Cylinder pressure signals of the respective 
cy finders of an internal combustion engine delected by a 
plurality of cylinder pressure detecting means 1QA, 10B, 
10C, 10D are superpo se d by a signal superposing means 
20. On the basts of the superposed cylinder pressure 
signals, a signal d etecting means 30 computes a misfire 
judgment index, and a misfire judging means 40 judges a 
misfire state using the misfire judgment ndex and a 
misfire judgment level. With the use of the superposed 
cylinder pressure signals, a notable change h the 
symmetry of signal waveform across TDC can be 
obtained according to the presence of misfire, so that 
misfire judgment can be positively made in the whole 
combustion area of the engine. 
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[0062] ^MttWf (ztl&m^COtf koSffiEti. 

a ymmcoT—rt zmbx&mz. e#aatf «3 
oiz±^xmtz&to&&tit:m^iz-ouxt>mm%m 

JEZ1SBZ-ZZbtfX'Z?>. 

[00 6 3] -mttx. m^mv&&3otzj:2>m^ 
aaaa* ^&ms2ivfcmime>T t -fiizm~3z. mta 

Ztitz7—?l l zmE*mz-& C btfXZ h . MEfflOx 
-*U\ #iRfi'&<9 J: o fcaiSflmuf J: ^. IP*>. Mfi 

«^&«cw?-frxsaMh6»4>, ztL*n*>m-f<wz<£i- 

hwzjmbmbwzyA yfflra&k 1 — k a 
ttfcitiSLrsW)*. ^m>x&\^zzixh<r>^--9 

£ i: £ . 3 0 XtfUtiZtltzm^&tt 

ifi. mi.ttmim£<mffi£K®ftx-$>z>%t>. 

tLtzr-flzttLX'U TxniEi U y>f >1tjE«SBt 

k i sawta «t a (c-ti . m^mta^m 3 0 -ctaa zti 
tzm^&mK m 1 2%m^m<m^u j ftx'h 

htah. >U T^Wtk L1z&, mZttk 1 b k 2*» 

4. hi?%&ifc#>frt>m)mmimcoT-?zMmL 



[0064] Sri*. ffljEffl^T-^Jixy^'ycT)®^ 

mzmfi-tig&tfh&tK KmM%w$b0kftx^it>tt; 
sbx&wzffiE^-fimmzimLxtsifif. mzSk 
fmiz&m%m^msEZ-t& itfc-css. mimo? 

wtrnmum* v b LKsmmtzwutiztitzm^zm 
^^x^^itetft^L^ m:Wd^y s Jy^y 

Xi>£\,\ 

[0065] KLtmmttzx o ^tm^®tc 
mm 1 1 jfafcwei'^A'L t tm lx. {Mcwsx-h h 

bWl£t&iolzLX^&1zih. mmizfrikmfeZfto 
ZbWX'Z&tbhlz. fen^**^jN$ < X £ . Ifj$ 

m-zzotzLx^ztitb. xvmfei&k&mznz- 

h\><r>b+s:h. 

[0 06 7] mz^ 08H21 2Srffl^T. *^BJom 
*. I28(i. *f|HjO^3«0llSt^JSlc«t-&rtfii«8rao 

^M^^ffiiia^iWi^^^-rT'n y 9 mxh h . 

[0068] *HM0«^t5^T{i. It? r A '<mftJ± 
-ty^-7 OZffifiBXklii^&b LTfflWC^S. f7r 
-f ^'fSil*lffi-fe ^ 7 0 (i. XMTfc h U—fVA ^- K 
7 2 At, a*?? 7 AAZ-frLXffifiiZtitzftyTJ 
s<7 6b. ^l*??7 ABmisXmWiZlxtz?* V? 
A it- h'mc0%&%.^&7 2Bblz£~>Xffil$.2tLX^ 
4. 3e7r-fA'7 6li, xyy'y^7 Wy7h8 0 
wtt'^H^SiiTv^. 7t7r-f^'7 6 0-gp{i. iy 
^ ^<0*»««0«WIE* ^^tt 4 SESB 7 8 A , 7 8 
B, 78C, 7 8DSrWLTV^I). ^EEnS7 8A, 78 
B. 78C, 7 %7t4'<7 6\,z£~>X-mm 

\<zw$i%:ixx\^tzth. %.?r-<i^m*i]±-tyy7o 

[ 0 0 6 9 ] r -f Afg|*}ffi-te >nf 7 0 * ffi^l> 
i®T'*4 1^- if sT- h* 7 2 A3&^^i:4»^<:^{i. 
3t7r-f A76*jiiSLT. S^K7 2BT'^ai§n 

A, 78B, 78C, 78D£ii$-fS„ «-SjESP78 
A, 78B, 78C, 7B,XiX\t,mxM.%nnK-h 
izm ttiMf "gm^Ky tA'<7 6 IZ5-Z. &£o t,ZLX 

[0070] $mLtzft7TA;<7 6it%.m$:ZW.$>cr> 
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mmmicoi&Tiz^zrf&cox'. 2b^ 
^rxftjjzxMsmzL. g&mmz-t&k. m2iz 

[ o o 7 1 ] H3 iz^Ltimsm^te&m^nmBiQt 

SP78A. 78B, 78C, 7 8 Dt4 tSftJftfcfcT 

tfikt&xoizz-ox^z. m^naL(DiT£i l ±m%& 
ifi. nsLZKtzm^wffinmmtimx'hh. w*>. ft 
^<v&&vmz&-?Li>WLBmizk &x 
v&zntzixhmnmmmttK m^mwizabitxm 

Wlztc&Xo iz&j&rfrUfX \^<r>X'h&. 
[ 0 0 7 2 ] Srfc „ %y r 4 ' WJEE-fe y^com^MM 
commiz^xiz. mm. ryy^t h • xtt-i ? 

X, 313 5% ( 1 9 9 6^) , p. 1143-1150 

izMmztix^z. 

[ 0 0 7 3 ] Jt7 r 4 Af§f|*LE-fe y-9-7 0 fci: -?Tf#^> 
*l£fI-5Ni. fl^!±i#S3 0AtJ;^t^fJ«K 
/H.£»ttU M^S4 0ACJ:- 5 T^fS» 

#S5 OfcioTaWtRJB&IKWIW*. 

[0074] v^rti. yty ^mmm 

•fe^-7 ot=«t-o x®t>tizm^it. zfrnomnEm 

<7)SflEgB78A, 78B, 78C, 7 8DfcfiBfi» 
1±0(f^>O#{i. &<7)£?<,zLXm^®ft^m3 0AlZ 

coo7 5] B9£fflwc. *mMmmtzM? 
3 tf^umuc J: h ^mtm^mmmtammiz 

[0076]i9ll §ft¥&7 2BtCi-5T^ai§^ 
«JK<OffiKLhJ&StTDCSr+^i:LT, TDC-9 0" 

miTDczmmtLxtnffizn. mnEtttinm 
[0077] xnummizti^xit. m^mm^m o 

l*lflE-t: 7 0 |c «fc -5 Tfifa-^iyfr ^^fi-tt^ L 
^G£t£(t& iolz LXis 0 . ^ix^>^=oc7)^ajM^ 



m&tt^ziz®m?z*!kmiZ'\<7)mmzmm-& x 

x.w%mmc»$mzm\x'Z & x o t,z lx . 
[0078] w#««cii, atMBJi*9mt&ia#? 
mtt®.mte. >m Txmmz<m%mmt:tfiiii 

[0079] s^M^Bji. ^ r^wr&ft-si-M 

[0080] . B (4. ( ^/hfflo ^ 

- a 1 ) ~ (ffi/Ml<7)?7>-?;ftJg+a 2 ) 
O^H^a^-ISi^B i: LTV^. d^"C. ^5^^JS 

a 1 1 a 2 imcofmnmmjimmtf'j?* < . * ^ . 

(cS^f i 09^^-r01|T'{4. al = 0Jg. «2 = 

3 om mtii>?7>?ftm) k ltv^„ 

[0081] 3r*k H^ff-aitcl^oTJS. fi^hffi* 

&tz*b. m^m%nh<r>*i%fr&imimmmx'%^. 
zntzth. xmbrnmiz^^xi*. <tdc-9o- ) 

-(TDC-60- ) <7)®m&nttm®BkLX^&. 
±5&ft*TDC(-i)fc-T&fc. ^C0£E^±5E^TDC(- 

D+90- ^^s^t% «^««B«w«fi**^ 
urtfci-c. fiasn^ttrtjEm^-t. (tdc(-d 

+ 9 0' ) — (TDC(-1) + 1 2 0' ) OffiHT'. 6" 

Wift&m^ttimLx . «HMawB^>fl[^«>« «t a k 

[0082] «^1^G{4. H-Si^MO«^^^*4/i' 
jg o T V vfr v «8lfigT'OE^±#c0SiJ-& Sr t & £ h Z k 

mftzmfenrvyrftimmk-tz. ztiiz**). n- 

[0083] UttW^te (j±fjAc^ 7>7Am ■ 0 1 ) Jb> 
4> (^Ac^ 5 V^^JS -02) tf)§Sffl<0ft-5§-ttHinWff£ 

$.y7tfE.ffi±tt&TDCizmi^k-t&k . /3 1=6 
0*. 02 = 18* (W1xt>77y?ftm) kLX^ 

y4y&±%\ni\mm<mmi±z<. ny 
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[oo84] «iHRwctt, mmmcom^x^^m 
? 9 ^?^a^<jwfi^fiS/jNffi£M6 ? ^^^^ 

(j&*?7y?ftjg+r2) OSEB£m#«li£CJ; LT 
l^S. H9fciSLfc0rciir 1=0* s r2 = 90* 

[ 0 0 8 5 ] 7>-?:ftj£±Tifc*>6lll. 

_Li$ t^i o izm^nm^m^f&kmmz-s-z- s ? ? y 

[0086] Wifcf, W^ffi^G^fhaSfc^^oTJi, 

«#«*£G{±. fHWR««0j&W», AD 

«fcm,OT**fc*>, :**R0BJRfcfeVvCJi % (TDC 
-6 0° )~(TDC-18° ) CD®m*Wrm$iGt 

»«<0£EatJbJ&atTDC(-l)i:'*-*fc. .IOffifiS±5E 
jfiTDC(-l)+l 2 0 - W^>fS^-e. «4MSWG« 

(TDC(-1)+1 20* ) ~ (TDC(-1)+1 6 2* ) 
[0 0 87] «*HR*C*>fHBfc:3fcoTtt. j£ 

^fc«T*ifcft, *gBim(CttlvCtt. (TDC) 
-(TDC + 90- ) ^«affl*W4MRWCkfcv>4. 

±T\ «BS*lfc«rt£Efll^*. (TDC) ~ (TDC 

+ 9 0° > ottffl-c, 6° %<n?4 $y?T?yyvy 

[ 0 0 8 8 ] TD C *^£«HMHnti£tttf>£ fc . M 

Gvm&w&k? jy?Mm*b-n>>Hzmz.x L&^tz 

4. «->T. WBMCJ©6*«-9«aW)^9y^A««ffl| 



[ 0 0 8 9 ] 4rtWHW«fcfe*t*«*«a»i, «( 

yy'jy^u mm 
x 3 tr* fc . ffiftg^ <o <om^®imti s x.> 

[0090] u&»L*#&. swxrij y^HPS 
mtei^fcHi, ty7«j y^gpas-SK-r&^amKJ: < 

ft9tttt*fr*.*. *ima*fcl4, ty/yy^»' 
fi<5r->tv^ftft % 6° iOilfyT-'jy^RiS-M 

[o 0 9 1 ] ft^ajoran^^-rtt^pstc 
-t&ittmittK. man. wffie-fmiibtih&mi 

jwj y TWftkfr to cowiwdz x-ox^t 4 «t a fci- 
[0092] ta. y-yyvyyztitcmizmix. m 
sb^k^-s. x 0 iz-y-yrv yrmmz vt)v?4mz$z 
[0093] mz. m^m&m oMzxh^k^m. 

Ttt. «#«JiJ#a3 0Att, HT<0 (»2) (C*^V^ 

[0094] 
[»2] 

I = (Sc-aXSs) / (bXSG) 



sc- ■ -tmcnmnm 

a • • • 

nti-mx-h*). smmiB<7)njmx'$>*) . sum® 
[0096] (^2 ) iz&uxa. mmt>*wtwt& 
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§ k £ . B[H=> . ( Sfc 2 ) TiifSrtJEE-ffcktA 

ik^<vmm%m\L* i oofgs i fcstgst-ci&d 
-rk#-e*££. 

[0097] 01 0-01 2£fflWC. 

oA^tjtt^^fij^^o^TiiiBj-rs. mi 

fc, 01O£fflWt\ 45n,®0|%D— Oiomfgffcfc^T 
^3& { ^feL^^toUT^-r^, 01 0(4. 

{Ci3ft^ifeAcfJS<OJSaiiBS0T'^)-&. 010 (A) 
J4. 4^fS}«7)f*|«om3^fci3^T^*^t>ti:^ 
Ofi©£*t*:f!tffiffm^£*U 01 0 (B) (4. Jtiii 

jfeic¥«e«» i 7 y ?ftm<7>$mcr)&wi,z^ 

[0098] 03 fc*JWC±3*U; J: 3 lz. fl^B^fgf 
#fcL e-^ffi*>'ffiTL, 4£. ffi/httfcffiT*-*. 4 

ffcttfc^&i:. 02{^L^J;o(C. W>#{4TDCf£ 
ife^W4TDCiWI^^*CifiW<. - 

^««rtffi*m-^ttTDC«r3&«trL-5>^#<**. t£o 
t\ (»2) ^»afc*3fc^£kfcJ:9, 

t*^B*fc nfettnem i < t & z t wx- 

[ o o 9 9 ] 4*. tmn&k&l&zm LTJ4. 

-fs Wz.l$±4° CA (Crank Angle) <7>i4'4>-?##% 

tk-rknw-fmx-hb. zcnxo^^^y-^n^n 

k . 0 1 0 ( B ) fcjjrJ-J: 3 fc. ttfl 
ffi^i-f-c7)T D C Btrf&7)M|f J£(4^-?> i k 0 . &*fJ 

[oioo] LfrLtr&h* xmsmmiz&^xi*. m 

*fctf>, Etti^j^MtfcSll. IS 2, ^4^®t^ 

1 1 , *k£.ifimi ttim 3 Mfstttf 

S^iAc^^Jggl I <9H£*# < k & i k S . ft-? 

t, &kti&>9vkpimmwii £<o±z%is<>i>x\ is 

l^/PLa£|£5£-f£,ri:teir). ?=jy?ftm.<W$m 

izm^-r. **<o«sg*«igfcif a - k * . 4 



[0101] mz. 0 1 1 fcjflwc, 4%mcr>ftcr>-l 

01 *?m\<rm3<^Mmiiz£&wmm 
<7>mmmm\!^mi l z^h^'xm^wMmmmx'h 
01 1 (a) (i. A%n<r>^<r>^3%mm/^A% 

ffilz&^xmV&ktfmi Ltik £ coSS$ 
m^Sr^U 01 1 ( B ) (4 % *ajS#uWfe*cfl®B« 

I 9 > ? ^S^iS<7)^#(cov L T v \t . 

[0 10 2] 01 1 (A) ^-Tidtc. ^3M^S.t/ 
H4^fcfc > V^T^*53SMLTeS^-. --PiOM 

11(B) t^^-rj; a iz. !&km%mm 1 

fiWfie 1 4 0 h±Z #tc»4. »2««<%fefcWJg 

1 j; 0 fc'hsttfc m2^<o^fij 
jSiK 1 2at«B 4 ««« 1 414 , v t, 

3fefc«JgP^WLaJ: 0*&V^Jt«>iE*flS«fc»ofc¥lI 
fcZ-t&ZklzKZ. mz. T4YVy7<n£ol,Z3Ly 

[0103] ZZX\ XmimBlZ&^Xte. m%ffi(0 

0. il^^t^T'^^idtcLTV^. 01 1 
(A) {c^-Tia^. ^l^^rt£E^OJ;dC - 
s^^o^st^gsfife^es k Mrtffl^T D c 

xm&i-z. z<Dtzih. <»2) fca^<«^«si*-t 

S k . ifeAcfO^tgS 1 l{4M^B#om^o^^^J 
Jgfitgimr)*^^. 4^, ^lMM^id^S 
«B^>jfek¥!BaB« I lkH4^fS<7)J: a «r*^Ojfe 
^fj^ti^ 1 4* Jt^S k . ^<4 ^H^ftS C fc 

01 l^-T-tatc:. ^fJ^l^^La*^3fe 

&<vsab£.x t*n ti k'Xvm*mki l z-tz> z k tfx-% & . 

[0 104] 01 2$rfflV^T. ±j£Lti%rz_lz 

m^^xmm^tm^Ltzm^izaif^'xmm^m 
4 0A<D&!k.nm>imiz^xmw-f&. mi 2a. * 
mio-mfflmiz x s ftmmmnm&vmm&i&mz 
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^rwmzx o wesson-* x o izlx^ 

t>. Xf771 200£*>Wt, &k&j&f&4QA 

m^Jii*K3 0A^JliL^^^LJ:di: 
■r^H n*«fcoV vCi^WSaWi I n £0g*3itf . # 
fc, Xt^/TI 2 1 Ofc&^T. Mfl^S4 0A 
(i, xyy'^ftf{;flSfSifiA^ii:xys;y|El 

[0 106] ifcfc. Xr- yTl 2 2 0£*SI,VC. 

tzm,^MAb^y ; Jymmi<r>mi l zm^x. iyy 
ru mmmmvtmizh&tzii. xf-yri2 3oc 

St*. ^SfStflSkr&Di: #<2. x-rvri 2 5 OK 
^®IiK^^V>^-K(i, Xr7T124 0KfcVV 

^taSrwre. ~7=7y?<n>m<z£h'f ; f-7)V\frt> 

ikAmmu^uzmm-z . x-tvw 1 

;Hi. H l l o&^fJJgK/n. atcffl^-rs i><0T'& 

[0107] Ji^3lgffl^KWI.^K(±. 
7/1 2 3 0K:fcVvc. ^fJj^#S4 0A(i. 7^ 
F#" 0" fr" 1" *>£¥iJS£U " 0" (DW&lZteXT- 
>y7'l 2 4 0^31^. " 1" (rya&lZfe, Xf7712 

5 0icjitf. 7^f#" o" om&tte. M 

^^v^MAmLTt^^tft 9. E31 

ma) fcTjcftfy-m. sim m2M<sj, H3^,jgf 

mis-kiz^ m<r>%m\ l zi5^x^ktm^.Lx^hm'kX' 
mi i (a) ^-wm, S4mw^^fj^ 

[0 108] yy^Fifi" 0" c9*§3-£«\ Xf7Tl 
2 4 0 fcfc WC . :feAcfiJ5£#&4 0 Ali. 1 

tfi" 1" 0%&K(4, Xf7ri 250CBV^, 
fJ«*S4 0A|±. x-^2*^^fiI^^^Ln 
£l&*iMf. 7 i -^2*^^ii*il-S>^¥'J^K 

;wini i(B) izfjkLtz&'xmmu^Lbizmm-? 
'Xtm^.Lx^htz>sb. mi nz&^xmwLtiXo 

[0 10 9] mz. Xf7.71 2 6 0fci>V>T. *^C« 
^S4 0AI1 Xf7ri 2405l<iiXf771 



2 5 OKfe^-CM^^tUt^c^lx^La. Lbi: 

xf7ri2o oiz&^xm?>-&&tifz$:xm%mm i 

a, Lbm : X']b&&fl,Zik!kbW£?Z>. 
[0 110] Xf7712 7 0CfcV^, jfeifc 

WJg^BW 0A(t XT77-12 6 OtefcltiW&Cflf 

*Lfc*£«i. Xf771 2 8 0(3tt»» **#3S£ 
LTV^V^fcli, Xf771 2 9 0£ittJ. 
[0111] ^f771 2 8 OfcfcWC. 

1" fcU &fZ. Xf771 2 9 0(C:t5V^T. ifcWg 
^&4 0Ate. 3fe^%tLTV^V^^-fc{i77^F 
£" 0" ^T7T1 2 3 0-1 2 

5 0(CtJV>T. %^tt«>&KH£aM3ll V > £>ft& . 

^JJgK/^ La fc LbiO «fc 3 (C^S-r^) i 

[0112] Srfc. -^><o^<gf^-ot>#{c^-rs^ 
HI Otz^Lfz-^nmffiXikikW&tkLtzMit 

ZZ\TWkXmfe<7)ttmbLXii&L>i°. *<7)&o%:®. 

mz^&miztekzi&z. h'Smith* . 

[ 0 1 1 3 3 El 1 fc:*L/s««ii*oiR2««t=S«-* 

li, ftC TDCfc^-fte^WfMt. HP*>TDCmf 

Wfi-9-fcjev^t<0T**. ta!-^T. SS2»f9f^J:-3=flrfl» 
Met b f&4 imcoi. o %&kl^mvB&am£C*> i 

ft^neKw. ifctcio, ^2 

tsm i mm?) j: a m4 $m<7>£ ? 

i t ^fefc«jg*4f ozb tmmx * s . 

[0114] *HM0BJR£*iVvrtt. *7r>f A«rt£E 
-b^7 0tc«t-oTf#^nsm#(4. #mf§i<7)®rtffifi 
*&M±t#>iJ>t>m£iZtiK:BX'%t>ti&. U~>X. 
^ffgC7 8A. 7 8B, 7 8C, 7 8 D (CjBEWNMS 

^5i0jEft*^<0^7 h b LXmfrtl&V)X\ ffifom 

[0115] <^tc:. c 
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3) fcJflwoBMH-*-*. 
[0 116] 
[1*3] 

8 c = 8 ign + 8 s 

(9c- • •ffttCB(ltt?7>?ftj£ 

<7ign- - -;.^^7>^^Jt 

5 s • • • liiE^JS 

[0 1 1 7] Cl-IT. 0cl£ffi®C(Vfflti3?7y 

StIEfierCft&. 

[0118] «fliU£CkL j88Mffi^O±#fSHSriISI 
tc-rS^MSL^t^T'ftS. •fit. (ifc3) tciS 

wcwu ®^^^^^^B#«*mtcs^«t a lZ 
ztizx*). m#m®c &mmzffi$m®Mzkix& x 

[0 1 1 9] ±a$UsJ:3fc:. WH^BHtt- ^T^^v 
Ii^C«?7y?M^ (»3) OioCrkSi:. 

[0120] H«(£LT. ffittG^RjAfrjikikimCP 

«*fc-t*uf fit. mmGem^nt^mmmiz 

«w>^k««B, ft s v Mi-smmmzn vc»fc js* 

<v¥mmmzw£izmmG<DmfiLZ$itb 

s. 

[ 0 1 2 1 ] H8i3SLfcJ: a fc, fiSfiffiftft^ 

t, hi fc*jt^»wLJt«#tt{ti¥S3 o 

[0122] JjLhgJBflL^J: *H*fi^®^±ii 
Jf. MMZtitz&ftEm^iz&^X . 3fcto&«£fcfc* 

X h >-_L5E£ ( T D C ) luf^^ttCBjsi^k^ 
[ 0 1 2 3 ] ifc. ^co^bJr^W^^ I ICS Sift 

tx. ztL*&wmi"<juLbimLx. ikiktmx- 



[0124] a& % wwes-**)^ rxtyj >*n 
[ o 1 2 5 ] zt>iz. mtt&ktfmi Lfzm&iz t . * 

[0 126] 

imi ] *^^n5©g?s^ j; & fttmmcmmim 

mmmmizm^m^EE.mta^mzx ot*aiSft*« 

[H3 ] J; 4 ftmmnmmm 

mtammizm^m^MA^mzx^xm&^titim^ 
Em^co%iBmx'$>2>. 

[H4 ] *mie>-nmMmiz£&ftimm<mffitm 

IR£*"*"7 P— f-ir— hTft h . 

[as] *»woHw»Biiifc «t * nmmvmmM 
&&mmzm^m^®&^mzMf&!k!km%.mm 1 
oaai&t/^^^sfcfetts^fj^ittBJia-cft 
4. 

[06] 2 oibim tz x h nmammm, 
wmimmnstmiiLim-^a ?mx*hh. 

[07 ] *mi<m2<rmmmiz£hftmm<m8t 
wm&mmzm^m^WE*m<r>7v •/ 7mx*> 
s. 

[08 ] *wm%3vmsmmz-x hnwmimm 

[09] 3 4 f*i^«IMcoMM 

i^^uL(7)i[ai(OMa^0T'«) 4 . 

[010] *m&m 3 <onifijg®t i 4 AiKtsn^ 

[0ii] 3 <r>m$mmz x h nmm^ 
mmm®mxz&vh^^<nMmwmwz*>h . 

[012] *«W<0-*M9BJIWC J: 6rt*MM<0*^tf 
[4W)IBHJJ] 

1 o-«rtff«ai#s 
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(54) COMBUSTION STATE DETECTING DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a practical combustion 
state detecting device for an internal combustion engine 
capable of judging misfire with accuracy even in a low load area 
or the like and usable being mounted on an automobile. 
SOLUTION: Cylinder pressure signals of the respective 
cylinders of an internal combustion engine detected by a 
plurality of cylinder pressure detecting means 10A, 10B f 10C, 
10D are superposed by a signal superposing means 20. On the 
basis of the superposed cylinder pressure signals, a signal 
detecting means 30 computes a misfire judgment index, and a 
misfire judging means 40 judges a misfire state using the misfire 
judgment index and a misfire judgment level. With the use of the 
superposed cylinder pressure signals, a notable change in the 
symmetry of signal waveform across TDC can be obtained 
according to the presence of misfire, so that misfire judgment 
can be positively made in the whole combustion area of the 
engine. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the combustion condition detection equipment of the internal combustion engine which has two 
or more cylinder internal pressure detection means to detect the cylinder internal pressure of each gas 
column of an internal combustion engine, and a flame-failure judging means to judge a flame-failure 
condition using the cylinder internal pressure detected by these cylinder internal pressure detection means 
Combustion condition detection equipment of the internal combustion engine characterized by judging a 
flame-failure condition using the cylinder internal pressure signal on which was equipped with a signal 
superposition means to superimpose the cylinder internal pressure signal of two or more gas columns 
detected by two or more above-mentioned cylinder internal pressure detection means, and it was 
superimposed by this signal superposition means. 

[Claim 2] The inside of the cylinder internal pressure signal on which it was further superimposed by the 
above-mentioned signal superposition means in the combustion condition detection equipment of an internal 
combustion engine according to claim 1, It has a signal detection means to compute the flame-failure 
judging index corresponding to the minimal value which appears after the peak value corresponding to each 
gas column. The above-mentioned flame-failure judging means Combustion condition detection equipment 
of the internal combustion engine characterized by comparing the flame-failure judging level set up 
beforehand with the flame-failure judging index computed by the above-mentioned signal detection means, 
and judging a flame-failure condition. 

[Claim 3] The inside of the cylinder internal pressure signal on which it was further superimposed by the 
above-mentioned signal superposition means in the combustion condition detection equipment of an internal 
combustion engine according to claim 1 , Based on the cylinder internal pressure signal in the combustion 
pressure-buildup range after the ignition in each gas column on which it was superimposed, it has a signal 
detection means to compute a flame- failure judging index. The above-mentioned flame- failure judging 
means Combustion condition detection equipment of the internal combustion engine characterized by 
comparing the flame-failure judging level set up beforehand with the flame-failure judging index computed 
by the above-mentioned signal detection means, and judging a flame- failure condition. 
[Claim 4] The above-mentioned flame-failure judging means is combustion condition detection equipment 
of the internal combustion engine characterized by changing the flame-failure judging level used for the 
flame-failure judging in the following gas column when a flame-failure condition is judged [ in / on the 
combustion condition detection equipment of an internal combustion engine according to claim 3, and / a 
front gas column ]. 

[Claim 5] Combustion condition detection equipment of the internal combustion engine characterized by to 
judge a flame-failure condition using the cylinder internal pressure signal which is equipped with an 
amendment means to amend dispersion in the detection property of the cylinder internal pressure detection 
means of further the above-mentioned plurality, in the combustion condition detection equipment of an 
internal combustion engine according to claim 1 , and by which property dispersion was amended with this 
amendment means. 

[Claim 6] It is combustion condition detection equipment of the internal combustion engine characterized by 
amending the bias and gain of the cylinder internal pressure signal by which the above-mentioned 
amendment means was detected by the above-mentioned cylinder internal pressure detection means in the 
combustion condition detection equipment of an internal combustion engine according to claim 5. 
[Claim 7] In the combustion condition detection equipment of an internal combustion engine according to 
claim 5 the above-mentioned amendment means Bias correction value is acquired with the signal of a field 
with little signal superposition effect to the bias in each gas column among the cylinder internal pressure 
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signals on which it was superimposed by the above-mentioned signal superposition means. Gain is acquired 
with the signal of the field which catches the rate of the pressure buildup in the compression stroke before 
the thing explosion combustion in each gas column among the cylinder internal pressure signals on which it 
was superimposed by the above-mentioned signal superposition means. Combustion condition detection 
equipment of the internal combustion engine characterized by amending the bias and gain of the cylinder 
internal pressure signal detected by the above-mentioned cylinder internal pressure detection means. 
[Claim 8] It is combustion condition detection equipment of the internal combustion engine characterized by 
** constituted by the optical fiber which has the pressure-receiving section which receives the combustion 
pressure of each gas column, and light-receiving means receive the light which passed this optical fiber 
while the above-mentioned cylinder internal-pressure detection means and the above-mentioned signal 
superposition means transmit the light from the light source and this light source in the combustion 
condition detection equipment of an internal combustion engine according to claim 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the combustion condition detection equipment of the 
internal combustion engine which detects an internal combustion engine's combustion condition, and relates 
to the combustion condition detection equipment of the internal combustion engine which detects the 
existence of the flame failure of each gas column of a multiple cylinder engine especially. 
[0002] 

[Description of the Prior Art] It is important, when controlling an internal combustion engine to detect the 
existence of the flame failure of each gas column of a multiple cylinder engine. For example, in the Lean 
threshold control which dilutes a fuel to the limitation of not affecting drivability for the purpose of 
improvement in a fuel economy, if the rate of a fuel to air becomes thin too much, a flame failure will arise. 
Then, by controlling in the direction which increases the fuel oil consumption of the gas column to which 
the existence of a flame failure was detected and the flame failure happened, a flame-failure condition can 
be recovered, lean combustion can be performed, and a fuel economy can be improved. 
[0003] As an approach of detecting the existence of the flame failure of each gas column, the following two 
approaches are learned, for example. The 1st approach detects an internal combustion engine's gas column 
internal pressure ("cylinder internal pressure" is called hereafter), and detects the existence of flame-failure 
generating based on the integral value or the average of change of cylinder internal pressure as indicated by 
JP,64-15937,U. By this approach, since a firing pressure will not specifically go up if a flame failure occurs, 
when the integral value or the average of cylinder internal pressure change decreases compared with the 
time of normal combustion at the time of a flame failure, a flame failure is detectable. 
[0004] The 2nd approach tends to catch change of a combustion condition including a flame failure in a 
detail by comparing the reference signal wave (criteria combustion condition) determined from the optimal 
combustion condition beforehand memorized in memory (ROM) with the signal wave form of the cylinder 
internal pressure detected by the predetermined approach according to an inhalation air content, rotational 
speed, and a crank angle signal as indicated by JP,60-166739,A. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the 1st approach, like [ at the time of the idling with 
the small load to an engine ], even if it was normal combustion, when there were few rises of a firing 
pressure, there was a problem that a flame- failure judging was difficult. That is, since the integral value of 
the cylinder internal pressure change at the time of a flame failure or the average, and the integral value or 
the average of cylinder internal pressure change at the time of normal combustion like [ at the time of an 
idling ] is almost equal, both distinction is difficult for it and a positive flame-failure judging is difficult for 
it. 

[0006] Also in a low-load-driving field, it is thought to it that the detailed flame- failure judging of the 2nd 
approach is possible. However, it sets throughout the engine combustion from a low-load-driving field to a 
heavy load operating range. The reference signal wave determined from the optimal combustion condition 
beforehand memorized in memory (ROM) according to an inhalation air content, rotational speed, and a 
crank angle signal (criteria combustion condition), the storage capacity of the memory (ROM) which should 
be beforehand prepared for the 1 st if it is going to compare the signal wave form of the cylinder internal 
pressure detected by the predetermined approach — rather — large ~ not carrying out — for not obtaining but 
carrying in an automobile, it is not practical. Moreover, since the throughput of the engine control oriented 
microcomputer for the comparison operation of a reference signal wave (criteria combustion condition) and 
the signal wave form of cylinder internal pressure becomes large the 2nd, for the microcomputer carried in 
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the current car not being of use for processing, and carrying out by carrying in an automobile, it is not 
practical. 

[0007] The purpose of this invention is to be able to perform a flame-failure judging with a sufficient 
precision also in a low load field etc., and carry in an automobile, and offer an usable practical internal 
combustion engine's combustion condition detection equipment. 
[0008] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, (1) This invention In the combustion condition detection 
equipment of the internal combustion engine which has two or more cylinder internal pressure detection 
means to detect the cylinder internal pressure of each gas column of an internal combustion engine, and a 
flame-failure judging means to judge a flame- failure condition using the cylinder internal pressure detected 
by these cylinder internal pressure detection means It has a signal superposition means to superimpose the 
cylinder internal pressure signal of two or more gas columns detected by two or more above-mentioned 
cylinder internal pressure detection means, and a flame-failure condition is judged using the cylinder 
internal pressure signal on which it was superimposed by approaching this signal superposition means. By 
this configuration, when a flame failure arises in the cylinder internal pressure signal on which it was 
superimposed, a flame-failure judging can be ensured using a remarkable change of a signal wave form 
arising and a clear change arising in the symmetric property before and behind the piston top dead center 
(TDC) of a cylinder internal pressure signal wave form. 

[0009] (2) The inside of the cylinder internal pressure signal on which it was preferably superimposed 
further by the above-mentioned signal superposition means in the above (1), It has a signal detection means 
to compute the flame-failure judging index corresponding to the minimal value which appears after the peak 
value corresponding to each gas column. The above-mentioned flame-failure judging means The flame- 
failure judging level set up beforehand is compared with the flame-failure judging index computed by the 
above-mentioned signal detection means, and a flame-failure condition is judged. By this configuration, a 
flame- failure judging index is compared with flame- failure judging level, and since storage capacity is made 
small and data processing also becomes easy while being able to ensure a flame- failure judging, since he is 
trying to judge with it being in a flame- failure condition, a practical flame-failure judging can be performed. 

[0010] (3) The inside of the cylinder internal pressure signal on which it was preferably superimposed 
further by the above-mentioned signal superposition means in the above (1), Based on the cylinder internal 
pressure signal in the combustion pressure-buildup range after the ignition in each gas column on which it 
was superimposed, it has a signal detection means to compute a flame-failure judging index. The above- 
mentioned flame-failure judging means The flame-failure judging level set up beforehand is compared with 
the flame-failure judging index computed by the above-mentioned signal detection means, and a flame- 
failure condition is judged. By this configuration, a flame-failure judging index is compared with flame- 
failure judging level, and since storage capacity is made small and data processing also becomes easy while 
being able to ensure a flame-failure judging, since he is trying to judge with it being in a flame-failure 
condition, a practical flame-failure judging can be performed. 

[001 1] (4) In the above (3), preferably, further, the above-mentioned flame-failure judging means changes 
the flame-failure judging level used for the flame- failure judging in the following gas column, when a 
flame-failure condition is judged in a front gas column. Since the flame- failure judging level used for the 
flame-failure judging in the following gas column was changed when a flame-failure condition was judged 
in a front gas column by this configuration, a flame-failure judging can be ensured also at the time of 
generating of a continuation flame failure. 

[0012] (5) In the above (1), it has an amendment means to amend dispersion in the detection property of the 
cylinder internal pressure detection means of desirable further the above-mentioned plurality, and be made 
to judge a flame-failure condition using the cylinder internal pressure signal by which property dispersion 
was amended with this amendment means. By this configuration, since dispersion in the detection property 
of a cylinder internal pressure detection means was amended, an exact flame-failure judging can be 
performed. 

[0013] (6) In the above (5), the above-mentioned amendment means amends preferably the bias and gain of 
a cylinder internal pressure signal which were detected by the above-mentioned cylinder internal pressure 
detection means. By this configuration, since dispersion in the detection property of a cylinder internal 
pressure detection means was amended, an exact flame-failure judging can be performed. 
[0014] In the above (5) preferably (7) The above-mentioned amendment means Bias correction value is 
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acquired with the signal of a field with little signal superposition effect to the bias in each gas column 
among the cylinder internal pressure signals on which it was superimposed by the above-mentioned signal 
superposition means. Gain is acquired with the signal of the field which catches the rate of the pressure 
buildup in the compression stroke before the thing explosion combustion in each gas column among the 
cylinder internal pressure signals on which it was superimposed by the above-mentioned signal 
superposition means, and the bias and gain of a cylinder internal pressure signal which were detected by the 
above-mentioned cylinder internal pressure detection means are amended. By this configuration, since 
dispersion in the detection property of a cylinder internal pressure detection means was amended, an exact 
flame-failure judging can be performed. 

[0015] (8) In the above (1), preferably, the optical fiber which has the pressure receiving section which 
receives the combustion pressure of each gas column, and a light-receiving means to receive the light which 
passed this optical fiber constitute the above-mentioned cylinder internal pressure detection means and the 
above-mentioned signal superposition means while they transmit the light from the light source and this 
light source. 
[0016] 

[Embodiment of the Invention] Hereafter, the combustion condition detection equipment of the internal 
combustion engine by 1 operation gestalt of this invention is explained using drawing 1 - drawing 5 . First, 
drawing 1 is used and the whole combustion condition detection equipment configuration of the internal 
combustion engine by 1 operation gestalt of this invention is explained. In addition, in the following 
operation gestalten, although explained taking the case of 4 stroke 4-cylinder gasoline engine, it is 
applicable also like the flame-failure detection in the internal combustion engine of other methods. Drawing 
1 is the block diagram showing the whole combustion condition detection equipment configuration of the 
internal combustion engine by 1 operation gestalt of this invention. 

[0017] The cylinder internal pressure detection means 10A, 10B, 10C, and 10D are formed in each engine 
gas column, detect the cylinder internal pressure of each gas column, and output a cylinder internal pressure 
signal. For example, the semiconductor pressure sensor of the piezo-electric formula using the silicon single 
crystal as cylinder internal pressure detection means 10A, 10B, 10C, and 10D, the pressure sensor using a 
strain gage, etc. are used. A cylinder internal pressure detection means can also use the pressure sensor using 
an optical fiber which is mentioned later just possible [ detection of the cylinder internal pressure which is 
not restricted to these objects and can be in an elevated-temperature high-pressure condition ]. 
[001 8] The signal superposition means 20 piles up the cylinder internal pressure signal of each gas column 
detected by the cylinder internal pressure detection means 10A, 10B, 10C, and 10D. In this operation 
gestalt, it has the description to having tried to judge a flame failure conventionally based on the cylinder 
internal pressure detected for every gas column at the point which superimposes the detecting signal of all 
cylinder internal pressure using the signal superposition means 20. 

[0019] For example, the linearity adder circuit of the signal which was constituted using an operation 
amplifier as a signal superposition means 20 and which is generally known etc. is used. In addition, in using 
the pressure sensor using a strain gage as cylinder internal pressure detection means 10A, 10B, 10C, and 
10D, since linearity composition of the output of each strain gage is possible, this serial wiring will 
constitute a signal superposition circuit by carrying out serial wiring of each strain gage. 
[0020] Here, the cylinder internal pressure signal detected by the cylinder internal pressure detection means 
10A, 10B, 10C, and 10D is explained using drawing 2 . Drawing 2 is the wave form chart of the cylinder 
internal pressure signal detected by the cylinder internal pressure detection means used for the combustion 
condition detection equipment of the internal combustion engine by 1 operation gestalt of this invention. 
[0021] In drawing 2 , the axis of abscissa shows whenever [ crank angle ]. Although each stroke of 
inhalation-of-air-compression-ignition / explosion-exhaust air is repeated while whenever [ crank angle ] is 
720 degrees, in 4 stroke engine, it shows centering on the compression top dead center TDC (Top Dead 
Center) in drawing 2 like [ a part of] ignition / explosion line from the compression stroke of the range of - 
90 to +90 degrees. In addition, although the timing of ignition changes according to operational status, it 
shall be lit to the timing of the compression top dead center TDC on account of explanation here. The axis 
of ordinate shows cylinder internal pressure, and cylinder internal pressure changes so that it may illustrate 
like compression - ignition / explosion line. Although it also sets like an intake stroke or an exhaust air line 
and cylinder internal pressure changes, the variation is small compared with change of the cylinder internal 
pressure at the time of explosion, and cylinder internal pressure [ in / on the condition of illustration and / 
internal pressure / which can be set like an intake stroke or an exhaust air line / cylinder / in whenever / 
crank angle / -90 degrees or +90 degrees ] is maintained mostly. 
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[0022] While a compression stroke progresses, cylinder internal pressure increases gradually. And when lit 
in the compression top dead center TDC, the cylinder internal pressure which can be set like an explosion 
line shows pressure variation which is illustrated at the time of C flame failure at the time of B low load 
combustion at the time of A high intensity combustion. In addition, in drawing, cylinder internal pressure 
change standardized by the pressure variation of a compression stroke is shown. A flame failure is in a 
condition without the pressure buildup by combustion. Since compression of the gas by movement of a 
piston is performed also in the time of a flame failure, the cylinder internal pressure change at the time of a 
flame failure serves as symmetry mostly before and behind whenever [ crank angle / to which a piston goes 
up most ], i.e., TDC. On the other hand, when combustion takes place, the pressure buildup by combustion 
is generated mainly after TDC. 

[0023] As shown in drawing 2 , by operational status with a large firing pressure, change of the cylinder 
internal pressure of (C) differs like [ at the time of a high intensity combustion ] at the time of (A) and a 
flame failure at the time of normal combustion. Therefore, a flame failure is easily detectable as a fall of the 
peak value of cylinder internal pressure also by the flame-failure judging approach using the conventional 
integral value and the conventional average of change of cylinder internal pressure. However, even if it is 
normal combustion like [ at the time of the idling with the small load to an engine ], when there are few rises 
of a firing pressure, in (B), the peak value of the cylinder internal pressure accompanying combustion does 
not differ from (C) greatly at the time of a flame failure. Therefore, when there are few rises of a firing 
pressure, it is difficult to catch a flame failure from change of cylinder internal pressure peak value 
generally. For this reason, as for flame- failure detection, it is common to pay one's attention to the 
symmetric property of the signal before and behind Above TDC. 

[0024] Next, the case where a cylinder internal pressure signal is superimposed is explained using drawing 
3 . Drawing 3 is the wave form chart of the cylinder internal pressure signal on which it was superimposed 
by the signal superposition means used for the combustion condition detection equipment of the internal 
combustion engine by 1 operation gestalt of this invention. 

[0025] In the engine of a 4-cylinder, in whenever [ crank angle ], 180 degrees of change of the cylinder 
internal pressure signal for every gas column shown in drawing 2 shift at a time, and they occurs. It has set 
in each gas column, and as the cylinder internal pressure signal on which it was superimposed when normal 
combustion was performed also shows a gap to drawing 3 R> 3 (A), it becomes the symmetrical signal wave 
form repeated periodically. In addition, although 1, 2, 3, and 4 in drawing show the number of each gas 
column, they have attached the sign to the order in which ignition was performed like the 1st cylinder, the 
2nd cylinder, the 3rd cylinder, and the 4th cylinder one by one here. 

[0026] To it, a flame failure occurs in one gas column in a 4-cylinder 5 and drawing 3 (B) shows the cylinder 
internal pressure signal with which it was superimposed when other 3 cylinders were carrying out normal 
combustion. As shown in drawing 2 , at the time of normal combustion, after ignition, cylinder internal 
pressure rises and becomes unsymmetrical [ cylinder internal pressure change ] before and behind TDC. On 
the other hand, if a flame failure occurs, it will become lack of the combustion pressure buildup by the flame 
failure, and cylinder internal pressure change will serve as symmetry before and behind TDC. 
[0027] if the case where only one gas column carries out a flame failure is considered here, since bias of the 
signal at the time of the pressure buildup of a flame-failure gas column is carried out in the forward 
direction under the effect of a front gas column, the signal wave form of a flame-failure gas column is large 
in front of TDC — after TDC, it becomes small. Although the cylinder internal pressure signal wave form at 
the time of a flame failure becomes the symmetry before and behind TDC when there is no signal 
superposition, in the case of the superimposed cylinder internal pressure signal, the TDC forward direction 
becomes larger than the back. 

[0028] That is, if the cylinder internal pressure signal for a 4-cylinder is superimposed, it will appear as a 
fall of the signal level after the signal peak of a flame-failure gas column. That is, as shown in drawing 3 
(B), while the peak of a cylinder [ 3rd ] signal falls, the signal level of the minimal value after a peak will 
fall. Moreover, the peak of the cylinder [ 4th ] signal following the 3rd cylinder which the flame failure 
generated also falls. In this operation gestalt, it is made to carry out a flame-failure judging using the level of 
this minimal value. As shown in drawing 3 (B), when the level of the cylinder internal pressure signal on 
which it was superimposed from the flame- failure judging level L falls for example, he is trying to judge 
with the flame failure having occurred, although later mentioned about the example of this flame-failure 
judging using drawing 5 . 

[0029] Moreover, it may not generate only in the single gas column of the 4-cylinders, and a flame failure 
may be generated in two gas columns. For example, drawing 3 (C) shows the case where a flame failure 
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occurs in the 3rd cylinder and the 4th cylinder. If a flame failure occurs in the 3rd cylinder and the 4th 
cylinder, while the peak value of the signal over the 3rd cylinder, the 4th cylinder, and the 1st cylinder will 
fall, the signal level of the minimal value after the peak over the 3rd cylinder and the 4th cylinder will fall. 
[0030] If a flame failure occurs in three gas columns or four gas columns among the combustion cycles of 
the engine of a 4-cylinder, since an engine will stop, generally the need for a flame- failure judging is not 
produced. 

[0031] Next, it returns to drawing 1 and the cylinder internal pressure signal on which it was superimposed 
by the signal superposition means 20 is inputted into the signal detection means 30. The signal detection 
means 30 computes the flame-failure judging index I corresponding to the minimal value of the cylinder 
internal pressure signal on which it was superimposed while changing the inputted analog signal into a 
digital signal. And it can ask for the flame-failure judging index I computed by having depended the flame- 
failure judging means 40 signal detection means 30 beforehand, and as compared with the flame-failure 
judging level L memorized, the flame-failure judging index I judges with it being in a flame-failure 
condition, when lower than the flame- failure judging level L. The flame-failure judging level L is 
beforehand memorized in memory (ROM) according to an inhalation air content, rotational speed, and a 
crank angle signal in the whole region of the engine combustion from a low-load-driving field to a heavy 
load operating range. Or the whole region of engine combustion is divided into some representation fields, 
and you may make it memorize it for every field. By the approach using the signal wave form of the 
conventional cylinder internal pressure, since it is necessary to memorize the signal wave form itself which 
is two-dimensional information (time amount and cylinder internal pressure), memory capacity becomes 
large, but memory capacity becomes small in order to only remember that the flame-failure judging level L 
mentioned above with this operation gestalt. Moreover, since it is necessary to compare the signal wave 
form remembered to be the detected signal wave form and the comparison-operation processing only 
compares the flame-failure judging index I with the flame- failure judging level L to becoming huge 
conventionally, data processing also becomes easy. 

[0032] If a flame failure is judged in the flame-failure judging means 40, the combustion state control means 
50 will control the combustion condition of the gas column which the flame failure generated. Since a flame 
failure will arise if the rate of a fuel to air becomes thin too much, it controls by the Lean threshold control 
which dilutes a fuel as control of a combustion condition to the limitation of not affecting drivability for the 
purpose of improvement in a fuel economy, for example in the direction which increases the fuel oil 
consumption of the gas column to which the flame failure happened. Or if a flame failure is judged, the 
combustion state control means 50 will display flame-failure generating. 

[0033] Here, the calculation approach of the flame- failure judging index I and the flame-failure judging 
approach are explained using drawing 4 and drawing 5 . Drawing 4 is the flow chart which shows the 
procedure of calculation processing of the flame- failure judging index I in the signal -detection means used 
for the combustion condition detection equipment of the internal combustion engine by 1 operation gestalt 
of this invention, and the flame-failure judging processing in a flame-failure judging means, and drawing 5 
is the explanatory view of calculation of the flame-failure judging index I in the signal-detection means 
which uses for the combustion condition detection equipment of the internal combustion engine by 1 
operation gestalt of this invention, and the flame-failure judging in a flame- failure judging means in it. 
[0034] What is necessary is just to calculate the minimal value generated after the peak value of each gas 
column, if the principle shown in drawing 3 is used in order to judge a flame failure. However, it is not 
practical to calculate the minimal value itself from the superposition value of the cylinder internal pressure 
signal detected to the engine which carries out high-speed rotation. That is, when the engine is rotating by 
6000rpm, the time amount which is [ whenever / crank angle ] equivalent to 360 degrees is 100ms. Although 
it is also possible to calculate the minimal value if the cylinder internal pressure signal on which it was 
superimposed for every degree whenever [ crank angle ] is sampled, the sampling timing in that case is set 
to 0.28ms. Supposing it judges a flame failure using the microcomputer used for an engine control system, 
also performing control of an engine, when it is going to sample a cylinder internal pressure signal every 
0.28ms, processing of almost all microcomputers is spent on a flame-failure judging, and it becomes 
impossible to perform the engine control itself 

[0035] Then, he is trying to compute the flame- failure judging index I in this operation gestalt, as a signal 
corresponding to not the minimal value itself but the minimal value of the cylinder internal pressure signal 
on which it was superimposed, so that it may explain below. That is, drawing 5 (A) shall show the cylinder 
internal pressure signal on which it was superimposed, for example, the flame failure shall have occurred in 
the 3rd cylinder. He is trying to integrate with the signal detection means 30 about range Al and A2, A3, 
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and A4 whenever [ containing the signal minimal value which appears the cylinder internal pressure signal 
on which it was superimposed between the cylinder internal pressure peaks of each gas column / 
predetermined crank angle ]. Whenever [ each crank angle ], range Al and A2, A3, and A4 are prepared in 
order to detect the cylinder internal pressure fall which appears after the signal peak of each gas column. 
The range is made into between whenever [ crank angle / which is set to **alpha whenever / crank angle / 
used as the minimal value ] whenever [ each crank angle ]. Although the value of an include angle alpha is 
based also on spacing of a sampling, it is taken, for example like about 10 degrees by whenever [ crank 
angle ] here in the range from which it does not separate greatly from the minimal value of the cylinder 
internal pressure signal on which it was superimposed. 

[0036] In step 410 of drawing 4 , the signal detection means 40 performs cylinder [ 1st ] distinction. Since it 
is necessary to know of which gas column of the 4-cylinders it is a flame failure in judging a flame failure, 
distinction which is the 1st cylinder is performed. Generally, the sensor etc. is outputting the reference 
signal REF for gas column distinction whenever [ crank angle / which is prepared in the engine ]. For 
example, the reference sign 1 shown in drawing 5 (B) shows the reference signal REF. Gas column 
distinction can be made to do the pulse train of the reference signal REF by the location of each standup 
being equivalent to the timing of the compression top dead center TDC of each gas column, and enlarging 
pulse width about the 1 st cylinder. 

[0037] You may make it the approach of gas column distinction change pulse width, for example about all 
gas columns in addition to the approach shown in drawing 5 . Moreover, you may set up so that the standup 
of a pulse or the falling location may shift TDC of each gas column, and whenever [ fixed crank angle ]. A 
reference sign 1 can prepare a slit in the disk which rotates with a crankshaft as an example, and can obtain 
it by detecting the existence of the light which passes this. In this case, the signal with which the pulse width 
which synchronized with the combustion cycle differs can be acquired by adjusting the width of face of a 
slit. 

[0038] 1 is set to Variable n in step 420. n is a variable showing the number of gas columns, and is taken as 
the calculation of a flame- failure judging index to the 1 st cylinder, and processing of a flame-failure judging 
by setting 1 to n. 

[0039] In step 430, the signal detection means 30 judges the start point of Field An. That is, as shown in 
drawing 5 (A), the field An for asking for the flame-failure judging index In corresponding to the minimal 
value is set up near the minimal value which appears after the peak of each gas column in the cylinder 
internal pressure signal on which it was superimposed. Field An is made into the range of **(TDC+90 
degree) 10 degrees on the basis of the compression top dead center TDC. That is, the start point of Field An 
is TDC+80 degree. 

[0040] The sensor etc. is outputting the position signal POS required in order to know whenever [ detailed 
crank angle ] whenever [ crank angle / which is prepared in the engine ]. For example, the reference sign 2 
shown in drawing 5 (C) shows the position signal POS. A sensor generates a pulse with short width of face 
in whenever [ 1 time crank angle / every ] (1-degreeCA: Crank Angel) whenever [ crank angle ]. The start 
point of Field An is judged by carrying out counting of the pulse train of a reference sign 2 on the basis of 
the standup of a reference sign 1 . 

[0041] In step 440, the signal detection means 30 samples a cylinder internal pressure signal. A signal 
sampling is performed every 6 degrees for example, by whenever [ crank angle ]. In addition, a sampling 
period is not restricted to 6 degrees. As mentioned above, when Field An is made into the range of ** 
(TDC+90 degree) 10 degree, the cylinder internal pressure signals Pnl, Pn2, and Pn3 of three points on 
which it was superimposed are sampled. 

[0042] In step 450, the signal detection means 30 judges the terminal point of Field An. The terminal point 
of Field An is judged by carrying out counting of the pulse train of a reference sign 2 on the basis of the 
standup of a reference sign 1 . 

[0043] In step 460, the signal detection means 30 computes the cylinder [ n-th ] flame-failure judging index 
In. It specifically asks for the sum of the cylinder internal pressure signals Pnl, Pn2, and Pn3 sampled in 
step 440, and the value of the sum is made into the flame-failure judging index In. By asking for the sum of 
two or more signals, it will ask for the area equivalent to each field An, and the noise effect on a cylinder 
internal pressure signal can be reduced by reflecting two or more sampling values in a field in a judgment. 
In addition, it can also consider as the flame-failure judging index In with the minimum value in the 
sampled cylinder internal pressure signals Pnl, Pn2, and Pn3. 

[0044] Next, in step 470, with the flame-failure judging index In computed in step 460, the flame- failure 
judging means 40 is searched for beforehand, and as compared with the flame-failure judging level L 
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memorized, the flame-failure judging index I judges that it is in a flame-failure condition, when lower than 
the flame-failure judging level L. The flame- failure judging level L is beforehand memorized in memory 
(ROM) according to an inhalation air content, rotational speed, and a crank angle signal in the whole region 
of the engine combustion from a low-load-driving field to a heavy load operating range. 
[0045] Engine cylinder internal pressure mainly serves as a factor representing an engine load of the 
inhalation air content Q. It is because it does not depend on the existence of a flame failure but depends for 
the cylinder internal pressure change by the reciprocating motion of a piston on the inhalation air content Q. 
Moreover, also with rotational speed, since cylinder internal pressure changes by the difference in valve 
timing, rotational speed also memorizes the flame-failure judging level L as a factor. The judgment type of 
the flame failure which changed flame-failure judging level by the inhalation air content Q and engine-speed 
N is shown in several 1 . 
[0046] 
[Equation 1] 

In ^ Ln ( N, Q ) 

In • ■ • ffinft1KQ*^¥J£JR« 

N • • • x>v>Hte» 
Q • • • fkffi (88A£M) 

[0047] The flame-failure judging level Ln (Q, N) of several 1 can be beforehand held in the form of the map 
centering on an inhalation air content and an engine speed. In this case, based on the inhalation air content Q 
which the engine control unit has, and the information on engine-speed N, the flame- failure judging means 
40 is a call about the flame-failure judging level Ln (Q, N) which corresponds from the map of flame-failure 
judging level according to each gas column, and uses this for a flame-failure judging. By changing level for 
every gas column, a more exact flame-failure judging can be performed also in the situation which has 
dispersion in a property in the cylinder internal pressure detection means 10. In addition, if flame-failure 
judging level for every gas column is carried out in common, the number of maps one and they can reduce 
the amount of the memory (ROM) which should be prepared beforehand. 

[0048] Furthermore, in step 480, 1 is added to Variable n, in step 490, it judges whether Variable n is larger 
than 4, and with [ n ] four [ or less ], step 430 is asked for a flame-failure judging index, and a flame-failure 
judging is performed to it about return, the 2nd cylinder, the 3rd cylinder, and the 4th cylinder, respectively. 
If n is set to 5, step 410 will be repeatedly asked for a flame- failure judging index from return and the 1st 
cylinder, and a flame- failure judging will be performed. 

[0049] If the cylinder internal pressure signal on which it was superimposed is shown, for example, a flame 
failure occurs in the 3rd cylinder, since the flame- failure judging index 13 in field A3 will become smaller 
than the flame-failure judging level L, drawing 5 (A) becomes possible [ judging with the flame failure 
having occurred in the 3rd cylinder ]. 

[0050] The signal detection means 30 and the flame-failure judging means 40 can be constituted in an 
engine control unit as some engine control systems with the microcomputer which is the combustion state 
control means 50. 

[0051] In addition, in the above explanation, although it is a top whenever [ crank angle ] and the field and 
detection timing of signal detection are decided at counting the pulse number of the position signal POS of a 
reference sign 2, when such a reference sign cannot be used, the mean time between the pulses of a 
reference sign 1 (REF) may be found on the basis of the clock of the microcomputer in for example, an 
engine control unit, and the field and detection timing of signal detection may be decided based on this in a 
time domain. 

[0052] It can ask beforehand, and when lower than the flame-failure judging level L, he is trying according 
to this operation gestalt, to compute the flame- failure judging index I corresponding to the minimal value of 
the cylinder internal pressure signal on which it was superimposed by the signal superposition means, and 
for the flame- failure judging index I to judge that the computed flame- failure judging index I is in a flame- 
failure condition as compared with the flame- failure judging level L memorized, as explained above. 
[0053] Moreover, since memory capacity is made small and only compares the flame- failure judging index I 
with the flame- failure judging level L in order to carry out a flame-failure judging using flame-failure 
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judging level, data processing also becomes easy and a practical flame-failure judging can be performed. 
[0054] Next, the combustion condition detection equipment of the internal combustion engine by the 2nd 
operation gestalt of this invention is explained using drawing 6 and drawing 7 . Drawing 6 is the block 
diagram showing the whole combustion condition detection equipment configuration of the internal 
combustion engine by the 2nd operation gestalt of this invention, and drawing 7 is a block diagram of a 
signal amendment means used for the combustion condition detection equipment of the internal combustion 
engine by the 2nd operation gestalt of this invention. In this operation gestalt, the same sign as drawing 1 
shows the same part. 

[0055] There may be dispersion in the output characteristics of the cylinder internal pressure detection 
means 10. Then, in this operation gestalt, after amending dispersion in output characteristics using the signal 
amendment means 60, it can be made to perform the flame- failure judging which cannot be easily dispersion 
influenced of the output characteristics of the cylinder internal pressure detection means 10 by piling up 
each signal with the signal superposition means 20. 

[0056] As shown in drawing 7 , the signal amendment means 60 in this operation gestalt is constituted by 
the bias amendment means 62A, 62B, 62C, and 62D and the gain amendment means 64A, 64B, 64C, and 
64D. 

[0057] Dispersion in bias and dispersion of gain can be considered to dispersion in the output characteristics 
of the cylinder internal pressure detection means 10. If dispersion is in bias, the signal acquired from each 
gas column will be shifted in the direction of positive/negative. If dispersion is in gain, the scale of the 
signal acquired from each gas column will change. The offset voltage of the cylinder internal pressure signal 
on which it was superimposed when dispersion in bias was large may exceed a setting range. Moreover, if 
dispersion in gain is large, since the wave of the cylinder internal pressure signal on which it was 
superimposed will change, the effect which is not desirable appears in a flame-failure judging. 
[0058] Then, he incorporates the cylinder internal pressure signal detected by the cylinder internal pressure 
detection means 10A, — , 10D for the bias amendment means 62 A, — , 62D, and is trying to remove 
dispersion in bias in this operation gestalt. As a bias amendment means 62, a filter means to, remove the low 
frequency component near a dc component for example, can be used. When incorporating a signal on a 
microcomputer in the phase of the bias amendment means 62, the minimum value of a signal or the average 
value of the minimum value of the signal concerned taken about fixed signal length is memorized, and a 
changed part of bias can be removed by deducting from the signal data which incorporated this. Once 
removing a bias component, you may make it add the common dc component which serves as criteria anew 
to a signal. 

[0059] Moreover, the gain amendment means 64A, — , 64D are made to amend dispersion in the gain of each 
signal. The judgment of the required amount of amendments and two actually amended phases are needed 
for amendment of gain. With the gain amendment means 64, for example as the pretreatment, when each 
signal by which bias amendment was carried out is incorporated, and the value of the signal peak of a 
representation gas column, for example, the gas column of others to the 1 st cylinder, is detected and the 
firing pressure of a representation gas column does not have regular magnitude, a value required for the 
amendment is calculated, and those products are set to correction factor kl-k4. For example, the signal peak 
whose cylinder [ 1 st ] signal peaks are 400 millivolts and the 2nd cylinder in the above-mentioned process 
will set to kl=l/4, and k2=l/2, if 200 millivolts and the value of a signal which should be acquired 
essentially are 1 00 millivolts. 

[0060] Each correction factor is determined based on the signal acquired at the time of operation which 
carried out the motoring time or a short fuel cut at the time of little engine starting of dispersion to the 
cylinder internal pressure itself, it holds the value until it determines a multiplier next time, and it uses it for 
signal amendment. Of course, correction factor kl-k4 may make an engine control unit memorize what was 
beforehand determined by the option. 

[0061] Dispersion in gain is amended by the gain amendment means 64 continuing and hanging correction 
factor kl-k4 on the value of each signal. With the means which combined as an example the D/A converter 
generally known and amplifier, magnification / attenuation processing doubled with the correction factor for 
every signal is performed, and a scale can be changed. When the signal is already incorporated by the 
microcomputer, all may be processed in digital one. 

[0062] Dispersion amendment of the signal acquired for every gas column is sure to process according to an 
individual in the phase before signal superposition as mentioned above, but if the data for bias amendment 
and the data for gain amendment are decided, it can add approximation- [ signal / which was piled up with 
the signal superposition means 30 ] amendment. 
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[0063] As an example, amendment can be added to the detected data after the signal detection by the signal 
detection means 30 based on the data for amendment prepared beforehand. What is necessary is just to 
prepare the data for amendment as follows, for example. That is, bias correction value required to negate it 
is calculated from a part for bias fluctuation of the whole superposition signal. Moreover, effectual gain 
correction factor kl-k4 [ required to store each peak value in the range of regular ] are decided 
corresponding to each gas column, removing dispersion in the value of each signal peak. These data decided 
beforehand can be made to memorize in an engine control unit. If the signal part detected with the signal 
detection means 30 is a cylinder [ 1st ] firing-pressure part, it will carry out bias amendment to the detected 
data, and will apply the gain correction factor kl . If the signal part detected with the signal detection means 
30 is a signal part between the 1st cylinder and the 2nd cylinder, after it will carry out bias amendment For 
example, the multiplier effectually decided by average processing from kl and k2 is applied., The data 
effectual from the start, of course for amendment may be memorized. 

[0064] In addition, although it may depend for the data for amendment on an engine service condition, if the 
amendment data beforehand decided by the typical service condition are memorized similarly, optimal 
signal amendment can also be carried out for every service condition. The data for amendment are 
determined during engine operation based on the signal detected again at the time of operation which carried 
out the motoring time or a short fuel cut at the time of engine starting, and you may make it update them, 
making a value memorize in an engine control unit serially. 

[0065] Since storage capacity is made small and data processing also becomes easy while being able to 
ensure a flame-failure judging, since he is trying to judge with it being in a flame-failure condition as 
compared with the flame-failure judging index I and the flame- failure judging level L corresponding to the 
minimal value of the cylinder internal pressure signal on which it was superimposed according to this 
operation gestalt as explained above, a practical flame-failure judging can be performed. 
[0066] Moreover, since he is trying to amend the bias and gain of a cylinder internal pressure signal, a more 
exact flame-failure judging can be performed. 

[0067] Next, the combustion condition detection equipment of the internal combustion engine by the 3rd 
operation gestalt of this invention is explained using drawing 8 - drawing 12 . First, drawing 8 is used and 
the whole combustion condition detection equipment configuration of the internal combustion engine by this 
operation gestalt is explained. Drawing 8 is the block diagram showing the whole combustion condition 
detection equipment configuration of the internal combustion engine by the 3rd operation gestalt of this 
invention. In addition, in this operation gestalt, the same sign as drawing 1 shows the same part. 
[0068] In this operation gestalt, the optical fiber cylinder internal pressure sensor 70 is used as a cylinder 
internal pressure detection means. The optical fiber cylinder internal pressure sensor 70 is constituted by 
optical light-receiving means 72B, such as a photodiode connected with laser diode 72A which is the light 
source, and the optical fiber 76 connected through connector 74 A through connector 74B. The optical fiber 
76 is mounted in the engine head gasket 80. Some optical fibers 76 have the pressure receiving sections 
78A, 78B, 78C, and 78D which receive the firing pressure of each engine gas column. Since the pressure 
receiving sections 78A, 78B, 78C, and 78D are connected by the optical fiber 76 in serial, the optical fiber 
cylinder internal pressure sensor 70 is functioning also as a signal superposition means. 
[0069] The light emitted from laser diode 72A which is the light source which constitutes the optical fiber 
cylinder internal pressure sensor 70 passes an optical fiber 76, and is detected by light-receiving means 72B. 
In the meantime, an optical fiber passes the pressure receiving sections 78A, 78B, 78C, and 78D 
corresponding to each gas column. He is trying to give the bending deformation according to gas column 
internal pressure to an optical fiber 76, for example in each pressure receiving sections 78A, 78B, 78C, and 
78D. 

[0070] Since the optical fiber 76 which deformed wears optical loss, if the optical reinforcement detected by 
light-receiving means 72B is measured, the pressure variation in each gas column can be obtained. Since the 
rise of a pressure leads to the fall of optical reinforcement, if photo electric conversion is carried out for an 
optical output using light-receiving means 72B and reversal magnification is carried out, the cylinder 
internal pressure signal same with having been shown in drawing 2 on which it was superimposed can be 
acquired. 

[0071] Although the superposition signal shown in drawing 3 is searched for as linear combination of each 
signal, when the optical loss produced in each pressure receiving sections 78A, 78B, 78C, and 78D is 
expressed with a decibel, in this operation gestalt, total optical loss is decided as those sums. Although the 
methods of signal superposition differ, the description of the signal wave form on which it was 
superimposed is common. Namely, what is necessary is not to necessarily take the synthetic approach of a 
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signal to linear combination, and just to compound it so that change of the signal wave form acquired at the 
time of a flame failure may become remarkable to compensate for signal processing. 

[0072] In addition, the detail of the principle of operation of an optical fiber cylinder internal pressure sensor 
is indicated by applied OPUTIKUSU, the 35th volume (1996), and p.l 143-1 150, for example. 
[0073] The signal acquired by the optical fiber cylinder internal pressure sensor 70 computes the flame- 
failure judging level L by signal detection means 30A, a flame-failure condition is judged by flame-failure 
judging means 40A, and further, if a flame failure occurs, it will control a combustion condition by the 
combustion state control means 50. 

[0074] In this operation gestalt, the signal acquired by the optical fiber cylinder internal pressure sensor 70 
is acquired in the form where it was superimposed on the cylinder internal pressure signal of each gas 
column from the start. Therefore, the signal with which dispersion in the property resulting from each 
pressure receiving sections 78A, 78B, 78C, and 78D was amended by signal detection means 30A as 
follows, and dispersion in a property was amended is detected. 

[0075] Here, amendment of property dispersion by signal detection means 30A in this operation gestalt and 
calculation of the flame-failure judging index I are explained using drawing 9 . Drawing 9 is amendment of 
property dispersion in the combustion condition detection equipment of the internal combustion engine by 
the 3rd operation gestalt of this invention, and the principle explanatory view of calculation of the flame- 
failure judging level L. 

[0076] Drawing 9 shows the signal of the range of TDC+90 degree from TDC-90" centering on the 
compression top dead center TDC which is whenever [ crank angle ] among the signals with which it was 
superimposed on the cylinder internal pressure signal of each gas column detected by light-receiving means 
72B, and shows the inside of one compression / combustion cycle of a gas column. Whenever [ crank 
angle ] shows the include angle to which a that front was made negative and it made the back forward on the 
basis of TDC. 

[0077] In this operation gestalt, to the signal piled up by the optical fiber cylinder internal pressure sensor 70 
which has a function as a signal superposition means, he is trying for signal detection means 3 OA to form 
the domain of integration C, the domain of integration B, and the domain of integration G, and they are 
divided into these three detection fields and it detects them for every gas column. He is trying to reduce the 
effect on the flame- failure judging resulting from property dispersion of a cylinder internal pressure 
detection means by processing combining the detected information from each signal detection field. 
Moreover, it enables it to control fluctuation of the flame-failure judging index depending on engine 
operational status. 

[0078] The domain of integration C is a field which measures a firing pressure. The domain of integration B 
is a field which detects information required for bias amendment. Moreover, the domain of integration G is 
a field which detects information required for gain amendment. 

[0079] The domain of integration B is set as the field with little signal superposition effect to bias, and, for 
this reason, the domain of integration B makes it the range whenever [ containing the minimal value of the 
signal piled up with the signal superposition means / predetermined crank angle ]. That is, bias fluctuation of 
a superposition signal can be caught on real time by catching the pressure of the phase where combustion of 
a front gas column is completed and the compression pressure of the gas column for measurement is seldom 
going up. 

[0080] Specifically, the domain of integration B makes the range of - (crank angle [ of the minimal value ] 
whenever - alpha 1) (crank angle [ of the minimal value ] whenever + alpha 2) the domain of integration B. 
What is necessary is here, just to choose alpha 1 and alpha2 as the range with little [ there is little firing- 
pressure effect of a front gas column, and ] effect of the pressure buildup by the compression stroke of a 
judgment gas column whenever [ crank angle ]. In the example shown in drawing 9 , they may be alpha 1=0 
degree and alpha2=30 degree (all whenever [ crank angle ]). 

[0081] In addition, since it is necessary to shorten a sampling period in order to calculate the minimal value 
in actual measurement, the method of calculating the minimal value itself is not practical. Therefore, in this 
operation gestalt, the range of - (TDC-90") (TDC-60") is made into the domain of integration B. 
Furthermore, when the compression top dead center of the gas column in front of the gas column for 
measurement is set to TDC (-1), it is specifically this compression top dead center TDC(-l)+90 degree 
timing. After carrying out the zero clearance of the measurement value of the domain of integration B, the 
cylinder internal pressure signal on which it was superimposed in the range of - (TDC(-l)+90 degree) (TDC 
(-1)+120 degree) It samples to the timing in every 6 degrees, and he adds the sampled cylinder internal 
pressure signal, and is trying to calculate the value of the domain of integration B. 
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[0082] The domain of integration G is set as the field which can catch the rate of the pressure buildup in the 
compression stroke from which explosion combustion of a measurement gas column has not arisen yet. For 
this reason, the domain of integration G costs for the range whenever [ predetermined crank angle / which 
was prepared in the range whenever / crank angle / from the minimal value to whenever / following ignition 
crank angle ]. Thereby, a part for the pressure buildup in the field which does not contain a part for before 
ignition in a measurement gas column (i.e., a firing pressure) can be caught. 

[0083] Increment area in a signal of the range of (ignition crank include-angle-beta2) is made into the 
integral range G from it being concrete (ignition crank angle whenever - beta 1). In the example shown in 
drawing 9 , supposing ignition timing is equal to the compression top dead center TDC, they may be 
betal=60 degree and beta2=18 degree (all whenever [ crank angle ]). If the area of Field G is large if gain is 
large, and gain is small, the area of Field G will become small. 

[0084] It is necessary to set it up so that the combustion pressure-buildup range may be included effectively, 
while the domain of integration C removes the field where explosion combustion has not taken place. For 
this reason, the domain of integration C costs for the range whenever [ predetermined crank angle / which 
was prepared in the range whenever / crank angle / from whenever / ignition crank angle / to the following 
signal minimal value ]. Thereby, a part for the pressure buildup of after ignition to the time of a burn out can 
be caught. Specifically, the range of - (ignition crank angle whenever + gamma 1) (ignition crank angle 
whenever + gamma 2) is made into the domain of integration C. In the example shown in drawing 9 , they 
may be gammal=0 degree and gamma2=90 degree (all whenever [ crank angle ]). 

[0085] If based on TDC which is a top whenever [ crank angle ] and does not change instead of being based 
on whenever [ crank angle / which gives the minimal value and ignition timing of a signal ] as mentioned 
above in case it is a top whenever [ crank angle ] and each domain of integration is decided, a setup of the 
domain of integration will become easy. Although the minimal value and ignition timing of a signal may 
change with engine control, it is because TDC does not change. 

[0086] For example, detection timing will be changed when it is based on whenever [ ignition crank angle ], 
since ignition timing changes with operational status in measurement of the domain of integration G. Since 
the domain of integration G is what should just catch a part for the pressure buildup in the field which does 
not contain a part for before ignition in a measurement gas column (i.e., a firing pressure), it makes the 
range of - (TDC-60") (TDC- 18") the domain of integration G in this operation gestalt. Furthermore, when 
the compression top dead center of the gas column in front of the gas column for measurement is set to TDC 
(-1), it is specifically this compression top dead center TDC(-1)+120 degree timing. After carrying out the 
zero clearance of the measurement value of the domain of integration G, the cylinder internal pressure signal 
on which it was superimposed in the range of - (TDC(-1)+120 degree) (TDC(-1)+162 degree) It samples to 
the timing in every 6 degrees, and he adds the sampled cylinder internal pressure signal, and is trying to 
calculate the value of the domain of integration G. 

[0087] Moreover, detection timing will be changed when it is based on whenever [ ignition crank angle ], 
since ignition timing changes with operational status in measurement of the domain of integration C. Since 
the domain of integration G is what should just catch a part for the pressure buildup in the field which does 
not contain a part for before ignition in a measurement gas column (i.e., a firing pressure), it makes (TDC) - 
(TDC+90 degree) the range the domain of integration C in this operation gestalt. Furthermore, specifically it 
is the timing of the compression top dead center TDC of the gas column for measurement, and he adds the 
cylinder internal pressure signal which are (TDC) - (TDC+90 degree) the range, sampled the cylinder 
internal pressure signal on which it was superimposed to the timing in every 6 degrees after carrying out the 
zero clearance of the measurement value of the domain of integration C, and was sampled, and is trying to 
calculate the value of the domain of integration C. 

[0088] Although it will be generated also when the starting point of Field B does not result in whenever 
[ crank angle / of the minimal value ] slightly depending on the condition of operation, for example or the 
terminal point of Field G exceeds whenever [ ignition crank angle ] slightly if each domain of integration is 
decided on the basis of TDC, there is no practical problem. Therefore, the range is [ whenever / crank 
angle / of the actually defined signal detection ] fixable after deciding at TDC criteria that it does not shift 
from the three above-mentioned fields greatly beforehand. 

[0089] In addition, in Field G, the signal detection in each domain of integration holds the first detection 
value, whenever it counts a fixed number of reference signs 2 shown in drawing 5 , it samples data, and it 
integrates only the increment of a signal. Moreover, in Fields B and C, whenever it counts a fixed number of 
reference signs 2 shown in drawing 5 , data are sampled, and a signal is integrated. It is a top whenever 
[ crank angle ], and when it is made to become at equal intervals, the number of signal detection per field 
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can be prevented from depending spacing of signal detection on an engine rotational frequency. Spacing of a 
sampling is carried out to every 6 degrees for example, by whenever [ crank angle ]. 
[0090] However, signal detection can be performed that may change the sampling period of a signal 
according to an engine speed, for example, precision narrows [ direction ] a sampling period at the time of 
low rotation. At the time of high rotation, since the sampling period is short, if a sampling period is made 
shorter than 6 degrees, the burden of sampling processing will become large. 

[0091] Moreover, since the location where it is not necessary to necessarily carry out spacing of signal 
detection at equal intervals in for example, and a flammability peak appears was decided about, it can set up 
in a field so that it may be fine and others may take roughly near [ big ] the signal peak value of change of a 
signal. What is necessary is just to change the sampling period of a field into this by the count from 
sampling initiation. 

[0092] Moreover, according to the sampled value, when change of the inclination of a signal is small, it is 
rude, and when change is large, a sampling period may be changed into real time so that it may become fine. 

[0093] Next, the calculation approach of the flame-failure judging index I by signal detection means 30A is 
explained. In this operation gestalt, signal detection means 30A computes the flame-failure judging index I 
based on following (several 2). 
[0094] 
[Equation 2] 

I = (Sc-aXSB) / (bXSG) 



1 • • 




Sc • 




SB • • 




Sg • • 




a • • 




b- • 





[0095] In addition, in (several 2), Sc is the integral value of Field C, SB is the integral value of Field B, SG 
is the integral value of Field G, and a and b are multipliers. 

[0096] He is trying to reduce bias effect in (several 2) by deducting the multiplier twice of the area of Field 
B from the area of the field C for measuring a firing pressure. Moreover, he is trying to reduce the 
dispersion effect of gain by breaking this result by the constant twice of the area of Field G. The right-hand 
side of (several 2) can be caught if how to take a multiplier a is adjusted, and the difference of the area 
before and behind TDC is standardized about gain. That is, he is trying to transpose how depending on 
which the symmetry before and behind TDC seen by cylinder internal pressure change appears for 
amendment of bias and gain to the flame-failure judging index I in the included form (several 2). By this 
actuation, the characteristic change at the time of the flame failure which appears in the signal on which it 
was superimposed can be transposed to one index I, and can be treated. 

[0097] Next, the flame-failure judging in flame- failure judging means 40A is explained using drawing 10 - 
drawing 12 . First, drawing 10 is used and the case where a flame failure occurs in one gas column in a 4- 
cylinder is explained. Drawing 10 is the principle explanatory view of the flame-failure judging in the 
combustion condition detection equipment of the internal combustion engine by the 3rd operation gestalt of 
this invention. Drawing 10 (A) shows the cylinder internal pressure signal with which it was superimposed 
when a flame failure occurred in the 3rd cylinder of the 4-cylinders, and drawing 10 (B) shows the effect of 
fluctuation of whenever [ crank angle / of the computed flame-failure judging index I ]. 
[0098] As mentioned above in drawing 3 , to the cylinder internal pressure signal at the time of combustion, 
as for the cylinder internal pressure signal over the 3rd cylinder at the time of a flame failure, peak value 
falls, and the minimal value also falls. Moreover, if the symmetric property before and behind TDC is seen 
in a cylinder internal pressure signal without superposition of a signal, as shown in drawing 2 > at the time of 
a flame failure, TDC order will take a step with the big TDC back at the time of combustion toward the 
symmetry. On the other hand, in using the cylinder internal pressure signal on which it was superimposed, 
as for the cylinder internal pressure signal at the time of a flame failure, a TDC front becomes large rather. 
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Therefore, the large difference of the flame- failure judging index I with the time of combustion and a flame 
failure can be taken by choosing the multiplier a of (several 2) suitably. 

[0099] Moreover, as for whenever [ crank angle / which is acquired as a reference sign on the occasion of an 
actual flame- failure judging ], it is common that it is not necessarily stabilized, for example, dispersion in 
**4-degreeCA (Crank Angle) occurs. If dispersion in whenever [ such crank angle ] occurs, as shown in 
drawing 10 (B), the surface ratio before and behind TDC of a cylinder internal pressure signal will change, 
and the flame- failure judging index I will change with fluctuation of whenever [ crank angle ]. 
[0100] However, in this operation gestalt, since he is trying to observe the symmetric property before and 
behind TDC of cylinder internal pressure change, the large difference of the flame-failure judging index I to 
the 1st to which normal combustion was performed, the 2nd, and the 4th cylinder, and the flame-failure 
judging index I to the 3rd cylinder which the flame failure generated can be taken. Therefore, the judgment 
of a flame failure can be ensured irrespective of fluctuation of whenever [ crank angle ] by setting the flame- 
failure judging level La as level smaller than the flame- failure judging index I at the time of normal 
combustion on bigger level than the flame- failure judging index I at the time of a flame failure. Moreover, 
thereby, like low loaded condition, also when a difference with a flame-failure condition is small, a flame- 
failure judging can be ensured. 

[0101] Next, the case where a continuation flame failure occurs in two gas columns in a 4-cylinder is 
explained using drawing 1 1 . Drawing 1 1 is the principle explanatory view of the flame-failure judging in 
the combustion condition detection equipment of the internal combustion engine by the 3rd operation gestalt 
of this invention. Drawing 1 1 (A) shows the cylinder internal pressure signal with which it was 
superimposed when a continuation flame failure occurred in the 3rd cylinder of the 4-cylinders, and the 4th 
cylinder, and drawing 1 1 (B) shows the effect of fluctuation of whenever [ crank angle / of the computed 
flame-failure judging index I ]. 

[0102] As shown in drawing 1 1 (A), when a flame failure happens continuously in the 3rd cylinder and the 
4th cylinder, the description that a TDC front becomes large does not appear in the signal of the second gas 
column (the 4th cylinder). The front gas column has already carried out the flame failure of this, and it is 
because the firing pressure which should lap is not going up. For this reason, if the signal at the time of 
combustion (for example, cylinder [ 2nd ] signal) is compared with the signal at the time of a flame failure 
(cylinder [ 4th ] signal), as shown in drawing 1111 (B), a big difference will not arise against the flame- 
failure judging index I. When it is going to follow, for example, it is going to judge a flame failure using the 
flame-failure judging level La and whenever [ crank angle / which shows fluctuation ] is larger than theta 1 
Although it can judge with normal combustion, and it can judge with red-ization since the cylinder [ 4th ] 
flame-failure judging index 14 is smaller than the flame-failure judging level La since the cylinder [ 2nd ] 
flame-failure judging index 12 is larger than the flame- failure judging level La When whenever [ crank 
angle ] is smaller than theta 1 , the cylinder [ 2nd ] flame- failure judging index 12 and the cylinder [ 4th ] 
flame-failure judging index 14 will carry out the judgment which each mistook for normal combustion since 
it was larger than the flame- failure judging level La. The load to an engine is small especially like an idling, 
and a setup of the flame-failure judging level L is difficult in the operation situation that a firing pressure 
does not go up. 

[0103] Then, it enables it to correspond also to a continuation flame failure by changing flame-failure 
judging level by the existence of the flame failure of a front gas column in this operation gestalt. If 
combustion takes place again with a cylinder internal pressure of cylinder [ 1st ] like once a flame failure 
happens as shown in drawing 1 1 (A), it will decrease compared with the signal at the time of the combustion 
with the same area in front of TDC of a cylinder internal pressure signal (signal which is the 2nd cylinder). 
For this reason, if signal processing based on (several 2) is carried out, the flame- failure judging index II 
will become larger than the flame-failure judging index 12 in the case of the signal at the time of 
combustion. Moreover, when the flame-failure judging index II at the time of combustion like the 1st 
cylinder is compared with the flame- failure judging index 14 at the time of a flame failure like the 4th 
cylinder, it turns out that there is a too big difference. That is, when a flame failure happens once, by 
resetting flame-failure judging level as the flame-failure judging level Lb from the flame- failure judging 
level La, as shown in drawing 1 1 , it cannot be based on fluctuation of whenever [ crank angle ], but a 
flame-failure judging can be ensured. 

[0104] Here, flame-failure judging processing of flame- failure judging means 40A at the time of generating 
a continuation flame failure based on the idea mentioned above using drawing 12 is explained. Drawing 12 
is a flow chart which shows flame-failure judging processing of the flame-failure judging means at the time 
of the continuation flame failure in the combustion condition detection equipment of the internal combustion 
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engine by 1 operation gestalt of this invention. 

[0105] He is trying to change level in this operation gestalt with the value of the flag F which shows the 
existence of flame-failure generating. In step 1200, flame-failure judging means 40A reads the flame-failure 
judging index In about the n-th cylinder which is going to judge the flame failure which signal detection 
means 3 OA computed. Next, in step 1210, flame-failure judging means 40 A reads the inhalation air content 
and engine speed equivalent to an engine load. Since an inhalation air content is what is used in order to 
judge engine operational status, it is replaced with an inhalation air content and can read inhalation-of-air 
negative pressure. 

[0106] Next, in step 1220, when it judges whether flame- failure judging means 40A has engine operational 
status in the operational status specified beforehand based on the inhalation air content read in step 1210, 
and the value of an engine speed and is in assignment operational status, it progresses to step 1230, and it 
will be in assignment operational status and progresses to step 1250 at the time, flame-failure misjudgment, 
such as an idling condition of a low load [ operational status / which was specified beforehand ], — it is the 
operational status which is easy to induce a law. In step 1240, since it is not necessary to change flame- 
failure judging level, when there is nothing to an assignment operating range, flame-failure judging means 
40A is not based on the value of Flag F, but chooses flame-failure judging level from a table 1 . that by 
which the flame- failure judging level of a table 1 is equivalent to the flame-failure judging level La of 
drawing 1 1 — it is — an inhalation air content — or the engine- speed ****** value is given to the table 1 
again. 

[0107] On the other hand, in being in an assignment operating range, in step 1230, Flag F judges "0" and 
"1", and, in the case of "0", progresses at step 1240, and, in the case of"!", flame- failure judging means 40A 
progresses at step 1250. Here, the case where Flag F is "0" is a case where the flame failure has not occurred 
in a front gas column, and is a case (the 1 st cylinder, the 2nd cylinder, and the 3rd cylinder) where a flame- 
failure judging is carried out, in the example shown in drawing 1 1 R> 1 (A). On the other hand, the case 
where Flag F is 11 1" is a case where the flame failure has occurred in a front gas column, and is a cylinder 
[ 4th ] case where a flame-failure judging is carried out, in the example shown in drawing 1 1 (A). 
[0108] When Flag F is "0", in step 1240, flame- failure judging means 40A reads the flame-failure judging 
level Ln from a table 1. And when Flag F is "1", in step 1250, flame- failure judging means 40A reads the 
flame-failure judging level Ln from a table 2. The flame-failure judging level read from a table 2 is 
equivalent to the flame-failure judging level Lb shown in drawing 1 1 (B). That is, since there is possibility 
of a continuation flame failure as it explained in drawing 1 1 , since the flame failure had occurred in the 
front gas column when Flag F is "1", he is trying to use Lb as flame-failure judging level. 
[0109] Next, in step 1260, flame-failure judging means 40A compares the size of the flame- failure judging 
index In read in the flame- failure judging level La and Lb and step 1200 which were read in step 1240 or 
step 1250, and when the flame-failure judging indexes In are the flame- failure judging level La and below 
Lb, it judges with a flame failure. 

[0110] Furthermore, in step 1270, when it judges whether the flame failure had generated flame-failure 
judging means 40A in the n-th cylinder in the judgment in step 1260 and a flame failure occurs, it progresses 
to step 1280, and when the flame failure has not occurred, it progresses to step 1290. 
[01 1 1] In step 1280, flame- failure judging means 40A sets Flag F to "1", when the flame failure has 
occurred, and in step 1290, flame- failure judging means 40A sets Flag F to "0", when the flame failure has 
not occurred. Flag F is used in steps 1230-1250 in the case of the flame-failure judging of the following gas 
column. If operational status is in an assignment operating range again by this in case the flame- failure 
judging of the following gas column is carried out, flame- failure judging level can be changed like La and 
Lb by the above repeat. 

[0112] In addition, when two gas columns carry out a flame failure alternately, it is the same as the case 
where a flame failure occurs in one gas column shown in drawing 10 . Moreover, since it becomes the 
situation that an engine already stops when three or more gas columns carry out a flame failure, it does not 
break as an object of a flame-failure judging, but before resulting in such a situation, it is necessary to catch 
a flame failure here. 

[0113] When both the cylinder internal pressure change to the 2nd cylinder at the time of the combustion 
shown in drawing 1 1 and the cylinder internal pressure change to the 4th cylinder at the time of a flame 
failure are seen from the point of the symmetric property of the signal over TDC, i.e., the surface ratio 
before and behind TDC, they are close to the usual signal which has not carried out signal superposition. 
Therefore, when the flame-failure judging level which was the difficulty of a setup superimposes a signal in 
between at the time of combustion like the 2nd cylinder, and a flame failure like the 4th cylinder, it can set 
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up easily in between at the time of combustion like the 2nd cylinder, a flame failure like the 3rd cylinder or 
combustion like the 1st cylinder, and a flame failure like the 4th cylinder. Thereby, with this operation 
gestalt, it can check performing an accurate flame- failure judging throughout including an engine low-load- 
driving field. 

[0114] In this operation gestalt, the signal acquired by the optical fiber cylinder internal pressure sensor 70 
is acquired in the form where it was superimposed on the cylinder internal pressure signal of each gas 
column from the start. Therefore, dispersion in the property resulting from each pressure receiving sections 
78A, 78B, 78C, and 78D is amended by signal detection means 30A as follows. That is, since the amount of 
bias fluctuation appears as a shift in the direction of positive/negative of the whole superposition signal, it 
can determine and amend the bias correction value of the whole signal by detecting the minimum value 
between cylinder internal pressure peaks, or its average value. Moreover, dispersion in the gain for every 
gas column asks for an approximation-correction factor by comparing mutually the peak value of the 
cylinder internal pressure which appears in the signal on which it was superimposed, and can reduce 
dispersion effect. 

[01 15] Next, the formula in the case of asking real time for thetac whenever [ initiation crank angle / of the 
domain of integration C ] is explained using (several 3). 
[0116] 
[Equation 3] 

8 c = 8 ign + 8 s 

0 s * • • filE^J^ 

[01 17] In addition, thetac is whenever [ initiation crank angle / of Field C ], thetaign is whenever [ ignition 
crank angle ] here, and thetas is an amendment include angle. 

[0118] While the domain of integration C certainly includes the rise range of a firing pressure, it is desirable 
to make it not include the pressure variation in a compression stroke. Then, he is trying to choose the start 
point of the domain of integration as ignition timing criteria in (several 3). The value which specifically 
added amendment include-angle thetas beforehand set up to thetaign whenever [ ignition crank angle ] is set 
to initiation crank angle [ of the domain of integration C ] whenever thetac. It enables it to take the domain 
of integration C in a combustion zone certainly by preparing amendment include-angle thetac. 
[01 19] If whenever [ initiation crank angle / of Field C ] is taken as shown in (several 3) even when deciding 
beforehand whenever [ initiation / termination crank angle / of a field ] to be TDC criteria as mentioned 
above, it does not depend on fluctuation of ignition timing, but a combustion pressure-buildup part can be 
caught certainly. 

[0120] Similarly, the terminal point of Field G can also be decided to be ignition timing criteria. In this case, 
what is necessary is just to make amendment include-angle thetas whenever [ negative angle ]. However, 
since the terminal point of Field G was set up before ignition timing, the newest ignition timing might not 
have been decided yet at the time of a field setup. The terminal point of Field G can be searched for in that 
case on the basis of the ignition timing [ at the time of the combustion before one ], or mean time term of the 
ignition seen about the fixed operating period. 

[0121] In addition, as a cylinder internal pressure detection means and a signal superposition means, as 
shown in drawing 8 , also when using the optical fiber cylinder internal pressure sensor 70, the signal 
detection means 30 and the flame-failure judging means 40 which were explained in drawing 1 as a signal 
detection means or a flame-failure judging means can also be used. 

[0122] As explained above, when a flame failure arises in the cylinder internal pressure signal on which it 
was superimposed according to this operation gestalt, a flame-failure judging can be ensured using the field 
after the peak of the gas column for a judgment using a remarkable change of a signal wave form arising and 
a clear change arising in the symmetric property before and behind the piston top dead center (TDC) of a 
cylinder internal pressure signal wave form. 

[0123] Moreover, the change is transposed to the flame-failure judging index I, and since storage capacity is 
made small and data processing also becomes easy while being able to ensure a flame-failure judging, since 
he is trying to judge that this is in a flame- failure condition as compared with the flame-failure judging level 
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L, a practical flame- failure judging can be performed. 

[0124] Moreover, since he is trying to amend the bias and gain of a cylinder internal pressure signal, a more 
exact flame-failure judging can be performed. 

[0125] Furthermore, also when a continuation flame failure occurs, an exact flame-failure judging is attained 
by using it, changing flame-failure judging level. 



[Effect of the Invention] According to this invention, in an internal combustion engine's combustion 
condition detection equipment, also in a low load field etc., a flame- failure judging can be performed with a 
sufficient precision, and it can carry in an automobile, and can consider as an usable practical thing. 



[Translation done.] 



[0126] 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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